WHAT'S KNOWN ON THIS SUBJECT: The term "concussion" is frequently used in clinical records to describe traumatic head injury, yet there has been no agreement on the definition of this term and its application, particularly within the pediatric population.
The terminology surrounding trauma to the head confuses patients, doctors, and lay commentators alike. Tim Anderson, Marcus Heitger, and A. D. Macleod 1 (p342) The term "concussion" is frequently used in clinical records to describe traumatic head injury, yet there has been no agreement on the definition of the term and its application, particularly as it applies to the pediatric population. [2] [3] [4] [5] Although the concussion label is often used to indicate a mild injury, the International Statistical Classification of Diseases and Related Health Problems, 10th Revision 6 codes include 6 different categories of concussions that range from mild (S06.03), with a prolonged loss of consciousness (LOC) and a return to the preexisting level of consciousness, to severe (S06.04), with no return to consciousness and the inclusion of death as the outcome. There are currently at least 8 different scales for concussion, with no universal agreement on the definition or grades of concussion. 7, 8 Grading systems represent the expertise of clinicians and researchers, but there is a lack of scientific evidence to support any of the concussion-grading systems. The Committee of Head Injury Nomenclature of the Congress of Neurologic Surgeons defined concussion as a clinical syndrome that is characterized by the immediate and transient impairment of neural functions caused by mechanical forces. 8 Part of the dilemma that contributes to the confusion is the use of the Glasgow Coma Scale (GCS). There is large variability in the use of GCS throughout the care process. In our experience and as reported by others, the GCS is not reliably recorded at the accident scene and is inconsistently recorded in the hospital record. 9 This use limits its value in categorizing mild injury, although it is consistently used as an element of the concussion diagnosis. 10 In comparison with adult patients, the classification of concussion for the pediatric population is further complicated by the difficulties of assessing subjective factors among children and by the uncertain consequences of head injury for the developing brain. [11] [12] [13] The common thread of each definition of concussion is related to the cause of injury being an impact or a jolt to the head, 3, 4, 14, 15 whereas the symptoms and presentation of concussion differ on the basis of the definition source or grading system. The Canadian Paediatric Society has attempted to define concussion in children by using the results of the First International Symposium on Concussion in Sport in 2001 16 and by using other sources such as the guidelines for the assessment and management of sport-related concussion from the Canadian Academy of Sport Medicine Concussion Committee 17 and the National Athletic Trainers' Association position statement on management of sport-related concussion. 18 The Canadian Paediatric Society has also emphasized concussion as an impactrelated mild traumatic brain injury (MTBI):
Concussion is defined as a complex pathophysiological process that affects the brain, induced by traumatic biomechanical forces resulting in the rapid onset of short-lived impairment of neurologic function that resolves spontaneously. Concussion may be sustained by a direct blow to the head, face, or neck or by a blow to somewhere else on the body that transmits an impulsive force to the head. Most concussions do not cause a LOC or cause only a transient (ie, lasting seconds) LOC. 10 Canadian Paediatric Society (p420) For this study we adopted an empirical approach to understanding how clinicians in hospitals use the term "concussion," irrespective of the existing formal definitions. We expected that the concussion label is important because we assume that clinicians are using the term to communicate something important to parents and children. Parents, in particular, may understand concussion to mean that the condition is transient, with no significant health consequences. Both parents and clinicians may use the term to imply the exclusion of brain injury; during recruitment to this study, both parents and medical staff were frequently heard expressing the opinion that "he doesn't have a head injury, he has a concussion." Specifically, we hypothesized that the presence of the concussion label would be associated with an earlier discharge from the hospital and an earlier subsequent return to school. We also hypothesized that it is possible to identify patterns of clinical indicators in the hospital record that are predictive of a diagnosis of concussion, although the association with the severity of injury as measured by the GCS is unknown.
METHODS

Sample and Data Source
Medical variables were prospectively collected for all 434 children who were admitted to McMaster Children's Hospital (MCH) between November 2001 and December 2003 with a diagnosis of acquired brain injury. MCH is a tertiary care center and a children's trauma center that serves the region of central southwest Ontario with a population of ϳ2 000 000. Figure 1 summarizes the inclusions for the analyzed samples. Children were included in the analyses if they had a traumatic brain injury (TBI) and had GCS scores available. In addition, because initial computed-tomography (CT) scans were taken for 89% of the children, and because normal CT results were expected to predict a concussion diagnosis, the analyses were restricted to children for whom initial CT results were available, yielding a sample of 268 participants. The date of school return was available for 109 of these children (aged 5-18 years) who were enrolled in an ongoing cohort study, and these children were eligible for anal-yses of the time until they returned to school. This study was conducted with approval of the McMaster University Health Sciences' Ethics Review Board.
Measures
Medical variables incorporating a wide range of clinical data were abstracted from the medical chart by trained assessors using a standardized form at the time of hospital admission until discharge. The GCS, [19] [20] [21] the most widely known and used scale in the assessment of level of consciousness, [22] [23] [24] was used to categorize children as having mild, moderate, or severe injury. GCS scores of 13 to 15 represent mild injury, scores of 9 to 12 represent moderate injury, and scores of 8 or fewer represent severe injury. 25 For children younger than 2 years of age, the pediatric version of the GCS [26] [27] [28] was used.
Concussion grading was not consistently used. Because there is no accepted concussion-grading system for children, a concussion was scored as being present if attending physicians made any notation of a concussion on the medical chart and was scored as absent otherwise. The reliability of the concussion diagnosis was not addressed in this study, because we were interested in predicting the use of the concussion label by physicians rather than the accuracy of the diagnosis.
The date of school return was assessed in telephone interviews with parents who participated in the cohort study. School-return time was calculated as the time from discharge to school return.
Statistical Analyses
We used proportional hazards regression to identify significant predictors of discharge time and school return from the medical variables. Each predictor was evaluated in a separate univariate model. Two additional analyses were conducted for those predictors that were significant, in which the predictor was adjusted for GCS severity (mild versus not mild) and the presence of other injuries that were not related to TBI. Medical variables were selected as possible predictors of the concussion label if they were significant in the unadjusted analyses of discharge times or if they were strongly associated with the concussion label on a priori theoretical grounds, such as the clinical symptoms included in the concussion definitions (ie, vomiting or disorientation). The chosen predictors were used in a classification-tree analysis to model the clinical correlates of patients who received a concussion diagnosis. This method is an exploratory technique that can be used to devise prediction rules from multivariate data. 29 It uses a recursive partitioning algorithm to produce a set of prediction rules that relate the medical variables to the categorical outcome (ie, concussion) in the form of a binary decision tree. This technique has been used successfully by Brown et al, 30 Andrews et al, 31 and Choi et al 32 with large TBI databases to predict outcomes by using many acute variables.
In recursive partitioning, an initial split is obtained by evaluating which predictors and cut points produce the clearest division of the sample into concussion versus nonconcussion cases. The tree ends with terminal nodes or "leaves" that yield the probability of concussion for each combination of predictors.
The complete tree is subject to sampling error; therefore, it is a standard process to "prune" the tree back to its most reliable and meaningful nodes. To do this, we examined the deviance associated with each split, which measures the poorness of fit for the tree at each size. The empirical receiver operating characteristic curve was plotted by using probabilities of the concussion label at the terminal nodes as a measure of overall classification accuracy of the tree.
RESULTS
Three hundred forty-one children and adolescents, aged 0 (birth trauma) to 18 years, had a TBI. Among them, 300 had a recorded GCS score. Seventythree percent of these children were categorized as having mild injuries on the basis of their GCS scores on admission to MCH. Thirty-two percent (n ϭ 109) of the sample had a diagnosis of concussion. Figure 1 illustrates the sample size at each stage of analyses, and Table 1 shows the characteristics of the sample of children with TBI. Table 2 illustrates that these so-called mild injuries were statistically different from not-mild injuries (ie, the sum of moderate and severe) on key medical variables. The concussion label was significantly more likely to be applied to children with mild GCS scores when contrasted with patients with not-mild scores. However, this association was weak; Ͼ62% of the children who scored mild on the GCS were not labeled as having a concussion, and 24% of the children with moderate or severe GCS scores were labeled as having a concussion.
Concussion and Severity of Injury
Proportional hazards results demonstrate that the concussion label was strongly predictive of earlier discharge from the hospital (ie, fewer days in hospital); the odds of being discharged were 1.5 times higher for children who were recorded as having a concussion (Table 3 ). This observation was true even if this relationship was adjusted for the GCS or for the presence of other injuries such as chest injuries or fractures.
Children labeled with a concussion also returned to school significantly sooner (ie, fewer days until school return) after discharge; the odds of returning to school sooner after discharge were 2.4 times higher for children with a concussion (Table 4) . This relationship persisted after adjustment for GCS severity and the presence of other injuries.
Classification Tree for Concussion
The 7 significant predictors from Table  3 were recoded as binary predictors, and the GCS score remained coded as mild versus not mild. Intracerebral hemorrhage and subdural hematoma had similar effects on discharge time and were combined into a single binary variable. Similarly, the 3 resuscitation predictors were combined, as were the 5 types of other injuries. Although disorientation and vomiting were not significant predictors of discharge times, they were included in the classification tree on theoretical considerations, which yielded a total of 9 predictors.
The initial partitioning resulted in a tree involving 8 of 9 predictors with 28 terminal nodes. Inspection of the deviance plot suggested the possibility of pruning this tree back to either 10 or 5 terminal nodes. The 5-node tree was chosen (illustrated in Fig 2) . Of 254 patients in the sample, 34% had a concussion diagnosis. The diagnosis of concussion was significantly more likely when CT results were normal (48%) versus abnormal (20%). Thus, 2 distinct pathways to a concussion diagnosis emerged depending on the CT findings. For children with normal CT scan results, LOC was the next most predictive branch. There was a 74% probability of receiving a concussion diagnosis for those with normal CT results and LOC, whereas there was only a 34% chance of receiving a concussion label for those who did not lose consciousness. By contrast, if the CT findings were abnormal, the next most predictive branching was based on vomiting. There was very little chance (13%) of concussion diagnosis with an abnormal CT result and no vomiting, but there was a 41% chance associated with abnormal CT findings if the child had vomiting but no disorientation. It is noteworthy that GCS severity was not predictive of the concussion label after accounting for interactions among CT findings, LOC, vomiting, and disorientation.
DISCUSSION
We discovered that the concussion label is strongly predictive of earlier discharge from the hospital and earlier return to school, independent of GCS and the presence of other associated injuries. The predictive value of the concussion label suggests that its application depends on the clinical reasoning and decision-making processes of those who evaluate childhood head injuries in the emergency department and the medical staff who care for the inpatients.
As Table 2 shows, the relationship between the GCS score and concussion is relatively weak. In our cohort, children with mild GCS scores had an increased frequency of the concussion label, but the label may also be applied to moresevere injuries. In their retrospective evaluation of 242 children admitted to the emergency department with nonsevere head injuries (GCS Ն 13), Falk et al 9 found that 132 (55%) were given the diagnosis of concussion, which spanned the categories of minimal (GCS ϭ 15), mild, and moderate. Thirty-two percent of our cohort with TBI was diagnosed with concussion, and 37% of these patients were within the mild GCS category. Other researchers have reported similar trends in which mild concussions are described as compared with more-serious concussions. 4, 33 This leads one to question the use of the term as being reflective of mild injury and again supports the existence of confusion about what a concussion really is and how the term should best be used in the care of children.
Our entire cohort with TBI was admitted, and 89% of the patients received a CT scan, with 49% of the scans showing abnormal results. The largest percentage of normal CT scan results was in the mild GCS group. This potentially reflects the case mix that arose from sampling after admission to the hospital. For instance, in the study of Browne and Lam, 33 25% of the children with concussive head injury were admitted, of which 23% had imaging performed. In a study by Dunning et al, 34 of 22 772 children with head injuries who attended emergency departments in northwest England, 98% of the patients had mild GCS scores (Ն13); the rate of conducted CT scans was only 3.3%, of which 1.2% of the scans showed abnormalities. The administration of CT rates and results vary across institutions depending on the population, the type of hospital, and the guidelines for CT being administered.
In our institution, having a normal CT scan result was the greatest predictor of receiving a label of concussion. We identified combinations of clinical variables that predicted the concussion diagnosis (Fig 2) . The group of children most likely to be labeled as having a concussion is those with normal CT scan results and some LOC. The chance of a concussion diagnosis is low among those patients with abnormal CT findings (20%), but among such children, the diagnosis is more likely if they also have some vomiting but no
FIGURE 2
A simplified classification tree for concussion. C indicates receiving a concussion label. disorientation. It is important to note that the prediction tree summarizes empirical associations but does not necessarily summarize a decision rule used by clinicians. For instance, it is not necessarily the case that physicians first evaluated the CT findings and then considered LOC or vomiting when deciding how to characterize the injury.
The Canadian Paediatric Society implies through its definition that concussion is "an aberration in brain physiology and function rather than a structural injury." 10 (p421) This is consistent with the recommendation made by Dunning et al 34 that CT scans are not routinely recommended in diagnosing a concussion. The population described in our study had attended an emergency department, and it was felt to be necessary to admit the children to the hospital. It was not surprising that most of the children in our sample had CT scans, and if the CT scan result was normal, it was predictive of the child receiving a concussion label. This implies a perceived need for CT evidence of no structural damage before the concussion label was applied and does suggest support of the no structural injury criteria of concussion. Although LOC is no longer a requisite for the diagnosis of concussion, 10 in our analysis, it was the next important predictor of whether the child would receive the label if the CT results were normal. A normal CT result likely implies to parents that their child has no brain injury. Is this what is intended by physicians when they apply the concussion diagnosis? It would seem that most physicians making this diagnosis with an admitted child do so to identify a situation in which the child was discovered to have no structural damage in the presence of symptoms that clearly suggest a brain injury and in which recovery is occurring quickly.
No discussion of concussion is complete without addressing sportsrelated concussion, which is receiving an increasing amount of attention and scientific study. Kirkwood et al 4 have provided a review of concussion as it relates to the pediatric athlete. Browne and Lam 33 in their case series of 592 children with head injuries reported that a concussive head injury was 6 times more likely to have resulted from organized sports than from other leisure activities. This result may reflect a tradition of using the term "concussion" in sports medicine. Although 12% of our cohort had sports-related head injuries, the cause of injury was not predictive of receiving the concussion label.
The evidence that concussions are underreported by young athletes and their trainers 35 supports the hypothesis that the condition of concussion may not be taken seriously enough. Our findings, both in the return-toschool data and the phenomenon we experienced during recruitment, suggest that if a child is given a diagnosis of concussion, then the family is less likely to consider it as a brain injury. This belief may have affected their decisions with respect to allowing the child's return to school. In a study that examined how beliefs about MTBI affected complaints and their persistence, Mulhern and McMillan 36 found that beliefs about the undesirability of conditions were associated with the expected outcomes.
It seems possible that giving a child the diagnosis of concussion is intended by some physicians to convey an idea of MTBI. It is also possible that parents and teachers share this understanding, because it is also predictive of a key transition after discharge (ie, school return). Because the evidence to date tells us that most children and adolescents make a full recovery from one MTBI, 13, 33, [37] [38] [39] is it necessary to have 2 diagnoses that, in theory, are the same but may produce different reactions to the injury?
In the words of Kirkwood et al, "the pediatric . . . concussion story remains largely untold." 4 (p1367) We suggest that the label itself conveys a message and also directs outcomes. If we want to encourage full reporting with subsequent adequate management and convalescence, perhaps we should use the term "MTBI."
STUDY LIMITATIONS
Although we collected data by using a prospective standardized procedure, data from medical charts were plagued by missing information and a lack of control of the validity of measurements. Although MCH is similar to other Canadian tertiary children's facilities, the fact that this study was based in only 1 hospital may have influenced the results. Because we only included children who were admitted, our medical variables, such as the CTscan frequency results, may seem inflated.
CONCLUSIONS
The term "concussion" is frequently used in clinical records to describe TBI. For children, the concussion label is strongly predictive of earlier discharge from the hospital and an earlier return to school, independent of the GCS score and the presence of other associated injuries. The predictive value of the concussion label suggests that it is closely tied to the clinical reasoning and decision-making processes of the emergency department medical personnel who evaluate children with head injuries and the decision-makers on the wards. Clinicians seem to treat the terms "MTBI" (as measured by the GCS) and "concussion" as 2 separate diagnostic categories when, in fact, they both reflect a mild brain injury. It may be that using more-specific descriptors of brain injury, other than concussion, could lead to a more consistent use of terminology for both clinical and research purposes.
